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A SHUNT SYSTEM INCLUDING A FLOW CONTROL DEVICE FOR 
CONTROLLING THE FLOW OF CEREBROSPINAL FLUID OUT OF A BRAIN 

VENTRICLE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTIOK 

[0001] The present invention relates to a surgically implantable physiological shxmt 
system and an anti-siphon device. More specifically, the present invention relates to a shimt 
system including a flow control device for controlling the flow of cerebrospinal fluid out of a 
brain ventricle. 

DISCUSSION OF THE RELATED ART . 

[0002] Shunt systems for directing body fluid from one region to another are known in 
the medical field. One application for such a fluid shxmt system is in the treatment of 
hydrocephalus in order to direct cerebrospinal fluid away fi-om the brain and into the venous 
system or to another region of the body. In this application, a shunt is implanted on the 
patient's skull, under the scalp, and is coupled to a brain ventricle catheter, which is adapted 
for insertion into the brain, and to a distal catheter, which is adapted for insertion into the 
drainage region, such as the peritoneal cavity, the atrium or other drainage site. 
[0003] Generally, fluid shunt systems include a valve mechanism for controlling, or 
regulating the fluid flow rate. Illustrative valve mechanisms operate to permit fluid flow only 
once the fluid pressure reaches a certain level and may permit adjustment of the pressure 
level at which fluid flow commences. 

[0004] One such adjustable valve, described in U.S. Pat. No. 4,551,128 (Hakim et al.), 
includes a flexible diaphragm and plate positioned to divide a housing into inlet and outlet 
chambers which communicate through an aperture in the plate. A valve element is biased 
against the aperture to close the aperture until the fluid pressure in the inlet chamber exceeds 
a preselected "popping pressure." The popping pressure is adjustable by adjusting an external 
screw of the valve. However, due to the elastomeric properties of the diaphragm material, 
maintenance of the implanted valve may be required. Further, flow rate adjustment of the 
Hakim et al. device after implantation may require a surgical procedure. 
[0005] Another adjustable valve mechanism, described in U.S. Pat. No. 4,781,673 
(Watanabe), includes two parallel fluid flow passages, with each passage including a flow 
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rate regulator and an on-off valve. Fluid flow through the passages is manually controlled by 
palpably actuating the on-off valves through the scalp. Although the Watanabe device 
permits flov^ rate control palpably through the scalp and thus, without surgical intervention, 
patient and/or physician attention to the valve settings is required. 

[0006] Effective fluid flow rate control is particularly important since overdrainage of 
cerebrospinal fluid can result in dangerous conditions, including subdural hematoma. 
Overdrainage tends to occur when a patient moves from a horizontal position to a sitting or 
standing position, due to a siphon effect in the shunt system. In order to reduce the risk of 
overdrainage, some shunt systems include additional devices, sometimes referred to as anti- 
siphon devices, for preventing overdrainage. Some such devices use weights, which move in 
response to the patient changing position, to open or close the fluid flow path. One system, 
described in U.S. Pat. No. 5,368,556 (Lecuyer), includes spherical weights which provide 
additional compressive force against a valve spring to help maintain the valve in a closed 
position when the patient is sitting or standing. However, noise associated with the use of 
such multiple weights may be objectionable. 

SUMMARY OF THE INVENTION 

[0007] An anti-siphon device for limiting the flow of a fluid from a first region of a 
patient's body to a second region in accordance with the present invention overcomes these 
deficiencies in the related art by providing a housing having a spherical inner surface with a 
predetermined inner diameter. The housing has an inlet port for receiving fluid from the first 
region and an outlet port for directing fluid to the second region. The inlet port arid the outlet 
port are disposed approximately diametrically opposite from each other. A spherical ball is 
disposed within the housing. The spherical ball has a ferromagnetic weight disposed off 
center therein. The spherical ball has an outer diameter that is less than the inner diameter of 
the housing so that the spherical ball is free to rotate within the housing and the fluid is free 
to flow between the inner surface of the housing and an outer surface of said spherical ball. 
The spherical ball has a recess extending about the circxmiference of the ball. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0008] The above and still fiirther objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed description of a 
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specific embodiment thereof, especially when taken in conjunction with the accompanying 
drawings wherein like reference numerals in the various figures are utilized to designate like 
components, and wherein: 

[0009] Figure 1 is a perspective view of a shunt system incorporating a device for 
limiting the flow of a fluid fi"om a first region of a patient's body to a second region in 
accordance with the present invention; 

[00010] Figure 2 is a side view of the shimt system of Figure 1 with parts broken away; 
[00011] Figure 3 is a cross-sectional view taken along lines 3-3 of Figure 2 and looking in 
the direction of the arrows; 

[00012] Figure 4 is a cross-sectional view, similar to Figure 3, but showing the device in 
another position; 

[00013] Figure 5 is a cross-sectional view, similar to Figure 3, but showing the device 
without the magnetic bands and in another position; 

[00014] Figure 6 is a cross-sectional view of another embodiment of the device in 
accordance with the present invention, shown with the device in a supine position; 
[00015] Figure 7 is a cross-sectional view of the device of Figure 6 shown in the upright 
position; and 

[00016] Figure 8 is a cross-sectional view of the device of Figure 6, but showing the 
device without the magnetic bands and in another position. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY 

EMBODIMENT 

[00017] Referring now to Figures 1-4, a system 10 for limiting the flow of a fluid fi-om a 
first region of a patient's body to a second region is illustrated. The system includes a 
housing 12 having an inlet 14 and an outlet 16. A one-way valve 18 is disposed within 
housing 12. The spring bias of the one-way valve is preferably programmable, as is taught in 
U.S. Patent Nos. 4,615,691 and 4,772,257 to Hakim et al. and U.S. Patent No. 5,928,182 to 
Kraus et al., the disclosures of which are hereby incorporated by reference in their entirety. 
[00018] A subhousing 22 is disposed within housing 20, downstream fi-om one-way valve 
1 8. Subhousing 22 has a spherical inner surface 24 with a predetermined inner diameter. 
The subhousing 22 has an inlet port 26 for receiving fluid from the first region and an outlet 
port 28 for directing fluid to the second region. The inlet port 26 and the outlet port 28 are 
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disposed approximately diametrically opposite from each other along essentially the same 
longitudinal axis A- A, as shown in Figure 3. 

[00019] A spherical ball 30 is disposed within subhousing 22. Spherical ball 30 has a 
ferromagnetic weight 32 disposed off center therein. The remainder of spherical ball maybe 
made of a light-weight material, such as, for example, a biocompatible plastic. Plastic is 
preferred because it is light weight and has a smooth surface. In addition, spherical ball 30, 
with the exception of weight 32, may be hollow to create a maximum weight difference in 
ball 30. Ball 30 has a predetermined outer diameter that is less than the inner diameter of the 
subhousing 22. The ratio of the iimer diameter of the subhousing 22 to the outer diameter of 
the ball is preferably around 1.25:1. Also, preferably, the cross-sectional area of the device is 
slightly smaller than the shunt so as to fit within the shunt housing, as illustrated in Figure 2. 
Thus, the spherical ball 30 is free to rotate within subhousing 22 and the fluid is free to flow 
between the inner surface of the subhousing and an outer surface of the spherical ball. 
Spherical ball 30 has a recess 34 extending about the circumference of the ball. 
[00020] Referring now to Figures 3 and 4, a first magnetic band 36 surroimds subhousing 
22. The first magnetic band 36 has a plane of symmetry that is approximately normal to a 
line extending between the inlet port 26 and said outlet port 28. A second magnetic band 38 
is disposed about outlet port 28. The second magnetic band 38 also has a plane of symmetry 
that is approximately normal to the line extending between the inlet port 26 and said outlet 
port 28. The first magnetic band 36 has one charge and the magnetic weight 32 has an 
opposite charge so that, in one position as illustrated in Figure 2, they are magnetically 
attracted toward one another. The second magnetic band 38 has the same charge as the first 
magnetic band so that, in a second position illustrated in Figure 3, second magnetic band 38 
and magnetic weight 32 are magnetically attracted toward one another. 
[00021] Subhousing 22 is preferably made of a material that reduces electromagnetic 
interference. Subhousing 22 is preferably made of metal, such as aluminum or titanium. 
[00022] In use, when the patient is in the supine position (e.g., lying down), subhousing 22 
is placed essentially in a first position which causes the magnetic weight in the spherical ball 
to align with the first magnetic band such that the circumferential recess 34 within ball 30 is 
approximately co-linear with respect to the line between the inlet port 26 and the outlet port 
28. Thus, the maximum amount of fluid can flow through subhousing 22. 
[00023] When the patient is in the upright position (e.g. standing or sitting up), subhousing 
22 is placed essentially in a second position which causes the magnetic weight in the 
spherical ball to align with the second magnetic band 38 such that the circumferential recess 
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34 within ball 30 is normal with respect to the line between the inlet port 26 and the outlet 
port 28. The first position is disposed approximately ninety degrees from the second 
position. 

[00024] The use of magnetic bands 36, 38 is not required, but is preferred to ensure that 
ball 30 will be aligned as illustrated in Figures 2 and 3 even when the patient is not disposed 
in a position that is exactly horizontal or vertical, respectively. For example, should a patient 
rest his/her head on a pillow, the patient's head may not be exactly horizontal, but may be 
inclined at an angle of, for example, 20 degrees. When the patient's head is inclined, the 
magnetic attraction between the magnetic weight 32 within ball 30 and band 36 will cause 
recess 34 to align with the inlet and outlet ports 26, 28. However, if the patient were to sit or 
stand up the angle of inclination will continue to increase until the magnetic weight 32 in ball 
30 will be forced by gravity to move to the second position where weight 32 is aligned with 
second band 36 and recess 34 is at a right angle with respect to the line between the inlet port 
26 and the outlet port 28. Thus, no fluid will effectively pass through recess 34 and the only 
path from inlet port 26 to outlet port 28 will be between the outer surface of ball 30 and the 
inner surface of subhousing 22. 

[00025] If magnetic bands 36, 38 are not used, as illustrated in Figure 5, weight 32 will 
always be drawn by the force of gravity to the lowest possible position within subhousing 22. 
Thus, as the patient moves from the supine position to the vertical position, the recess 34 will 
move gradually between the two extreme positions. Thus, the flow rate through the anti- 
siphon device will gradually reduce from the maximimi flow rate (as shown if Figure 2) to 
the minimum flow rate (as shown in Figure 3). 

[00026] Referring now to Figures 6 and 7, another embodiment of the device in 
accordance with the present invention is illustrated. For the sake of brevity in the disclosure, 
only those elements that differ from the first embodiment will be discussed in detail. In 
addition, like elements will be referred to with like reference numbers, but with the addition 
of one-hundred to distinguish from the first embodiment. A subhousing 122 is disposed 
within housing, downstream from the one-way valve. Subhousing 122 has a spherical iimer 
surface 124 with a predetermined inner diameter. The subhousing 122 has an inlet port 126 
for receiving fluid from the first region and an outlet port 128 for directing fluid to the second 
region. The inlet port 126 and the outlet port 128 are disposed approximately diametrically 
opposite from each other along essentially the same longitudinal axis. 
[00027] A spherical ball 130 is disposed within subhousing 122. Spherical ball 130 has a 
ferromagnetic weight 132 disposed off center therein. The remainder of spherical ball may 
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be made of a light-weight material, such as, for example, a biocompatible plastic. Ball 130 
has a predetemiined outer diameter that is less than the inner diameter of the subhousing 122. 
Spherical ball 130 has a recess 134 extending about the circumference of the ball. In 
addition, spherical ball 130 has a through bore 140 extending through the ball 130. Bore 140 
is approximately normal to the plane defined by circumferential recess 134, 
[00028] A first magnetic band 136 surrounds subhousing 1 12. The first magnetic band 
136 has a plane of symmetry that is approximately normal to a line extending between the 
inlet port 126 and said outlet port 128. A second magnetic band 138 is disposed about outlet 
port 128. The second magnetic band 138 also has a plane of symmetry that is approximately 
normal to the line extending between the inlet port 126 and said outlet port 128. The first 
magnetic band 136 has one charge and the magnetic weight 132 has an opposite charge so 
that, in one position as illustrated in Figure 6, they are magnetically attracted toward one 
another. The second magnetic band 138 has the same charge as the first magnetic band so 
that, in a second position illustrated in Figure 7, second magnetic band 138 and magnetic 
weight 132 are magnetically attracted toward one another. 

[00029] In use, when the patient is in the supine position, subhousing 122 is placed 
essentially in a first position which causes the magnetic weight in the spherical ball to align 
with the first magnetic band such that the circimiferential recess 134 within ball 130 is 
approximately co-linear with respect to the line between the inlet port 126 and the outlet port 
128. Thus, the maximum amount of fluid can flow through subhousing 122. 
[00030] When the patient is in the upright position, subhousing 122 is placed essentially in 
a second position which causes the magnetic weight in the spherical ball to align with the 
second magnetic band 138 such that the circumferential recess 134 within ball 130 is normal 
with respect to the line between the inlet port 126 and the outlet port 128. The first position 
is disposed approximately ninety degrees fi*om the second position. 

[00031] If magnetic bands 136, 138 are not used, as illustrated in Figure 8, weight 132 will 
always be drawn, by the force of gravity, to the lowest possible position within subhousing 
122. Thus, as the patient moves fi-om the supine position to the vertical position, the recess 
134 will move gradually between the two extreme positions. Thus, the flow rate through the 
anti-siphon device will gradually reduce from the maximum flow rate (as shown if Figure 6) 
to the minimum flow rate (as shown in Figure 7). 

[00032] Thus, while there have been shown, described, and pointed out fiindamental novel 
features of the invention as applied to a preferred embodiment thereof, it will be understood 
that various omissions, substitutions, and changes in the form and details of the devices 



6 



COD5031 



illustrated, and in their operation, may be made by those skilled in the art without departing 
from the spirit and scope of the invention. For example, it is expressly intended that all 
combinations of those elements and/or steps which perform substantially the same function, 
in substantially the same way, to achieve the same results are within the scope of the 
invention. Substitutions of elements from one described embodiment to another are also fiiUy 
intended and contemplated. It is also to be imderstood that the drawings are not necessarily 
drawn to scale, but that they are merely conceptual in nature. It is the intention, therefore, to 
be limited only as indicated by the scope of the claims appended hereto. 
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